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1.2 Magnitude of PCS Contamination

The purpose of this section is to present available PCS data
for the water column and bed sediment of Waukegan Harbor, North
Ditch and the near shore area of Lake Michigan, as detailed in
sections 1.2.1.1, 1.2.1.2, 1.2.1.3, respectively. On the basis
of these data, estimates of PCB mass in the bed sediments of
Waukegan Harbor and North Ditch are made. In what follows, the
term "sediment" refers to PCB contaminated material in the bottom
of the Waukegan Harbor whereas the term "soil" refers to PCB
contaminated material associated with the North Ditch. The PCB
concentration on sediments and soils is expressed, herein, in
"ug/g" which stands for microgram (= millionth of a gram) of PCB
per gram of dry weight sediment or soil. On a mass basis the
"ug/g" unit is equivalent to "ppm" .

1.2.1 Amount and Distribution of PCBs in the Project Area

Two estimates of the mass of PCB in Harbor/Ditch system were
made, one by HydroQual, Inc., (1981) , and one by Mason and Hanger
(1981). These estimates are shown in Table 1.1 and Table 1.2
respectively. The variability in the estimates stems primarily
from the different methods of grouping and averaging field data
of PCB contamination, also, the estimates in Table 1.1 do not
include the PCB mass under the OMC parking lot and the banks of
the North Ditch. It must be emphasized, however, that both
methods estimate a very large mass -of PCB, in the order of
several hundred thousands of pounds.

The distribution of this large mass of PCB is important
because the spatial distribution of the PCB mass and the spatial
distribution of the PCB concentration in the bed sediments are at
the base of a formulation of action alternatives. Figure 1 shows
the distribution of the PC8 mass in the sediments of four areas
in Waukegan Harbor. Areas A, B, C, are important since they are
involved in the formulation of the various action alternatives.
From this figure it follows that, by both estimates, more than
95% of the total PCB sediment mass is located in Area A or Slip
3. From the same Figure it follows that more than 93% of the
total PCB sediment mass is located in Areas A and B combined. it
is very important to emphasize thac Areas A and B combined
contain all the sediments with PCB contamination greater than 50

1.2.1.1. Harbor Sediments and Watar

Various surveys of the Harbor have provided data to assess
bed sediment PCB contamination. The most significant surveys by
agency and date are given below:
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TABLE 1.1

FSTIviATES OF PC3 MASS IN THE SEDIMENTS OF
E S WAUKEGAN HARBOR AND NORTH DITCH SOILS

B Y H Y D R O Q U A L , I N C .

Waukegan Harbor

N o r t h D i t c h

Total

Best Es t imate

456,550 Ibs

511,580 Ibs

1,063,233 Ibs

H i g h Es t i ina t -3

756,980 Ibs

1,163,100 Ibs

1 ,923 ,033 Ibs

Low E s t i m a t e

156,730 Ibs

139,330 Ibs

275,613 Ibs



TABLE 1.2

no « , * , , IMATES °F PCB MASS IN THE S E D I M E N T S
OF W A U K E G A N HARBOR SEDIMENTS AND NORTH DITCH SOILS

BY MASON AND HANGER

Waukegan Harbor Sediments 359,20(3 Ibs

N o r t h Di t ch Soils 775 ,000 Ibs

Total 1,134,203 Ibs



Agency Date

U. S. SPA May, June, L976
State of I l l ino i s F e b r u a r y , 1977
SNCOTEC, Inc. A p r i l , 1977
U n i v . of Wiscons in . September , 1973

- U. S. EPA & ERG, inc. • July, 1979
Mason and H a n g e r , Inc. )
Warzyn Eng ineer ing , Inc.) November , 1980
Ral tech , Inc . )

The results of these surveys are summarized and discussed in
Mason and Hanger (1981). Figure 2 is a plot of surface sediment
PCS data in Waukegan Harbo r . At the innermost Harbor locations,
S l ip 3 va lues ranged f r o m 130 to 10,000 ug PCB/g ( d r y ) .
Conceatrations then- decreased .to a- range • f r o m g. 1 .to 10 ug/g at
the Harbor mouth . These values compare to a range of PCS su r f ace
sediment concentrations for open Lake Mich igan of .01 - 0.1 ug/g
( I J C , 1978) . It is i m p o r t a n t to note tha t t he re is no
discernable d i f f e r e n c e between the data collected d u r i n g 1973-73
and and dur ing 1979.

A number of data collection surveys off Waukegan Harbor and
adjacent areas of Lake Michigan were p e r f o r m e d d u r i n g 1979 by
USEPA, Argonne National Laboratories and others. Weekly samples
were taken at six harbor stations and three nearshore Lake
Michigan stations by USEPA over about a two month per iod.
Samples were analyzed for suspended sol ids , total PC3 and
particulate PCB. On two U. S. EPA surveys, May 15-17 and June
26-28, 1979, su r f ace sediment and suspended solids w e r e
f rac t iona ted into four size classes. The PCB associated with
each size class (as well as total PCB and dissolved PCB) were
measured. Argonne conducted dai ly surveys sampling six Harbor
s t a t i o n s , s u r f a c e and b o t t o m , for 18 days , M a y , 1979.
Tempera ture , chlor ides, lead, suspended solids and total PCB
( s u r f a c e on ly ) w e r e m e a s u r e d . A r g o n n e also conduc ted an
instantaneous release dye study in early June of 1979.

Figure 3 shows the concentration of total PCB in the water
column along a center l ine transect through the Ha rbo r . These
concentrations were calculated f rom the dai ly data du r ing the
period f r o m 5/2/79 to 5/19/79. The water column total PCS
c o n c e n t r a t i o n s are expressed in "ug/1" w h i c h s tands for a
m i c r o g r a m (= mil l ionth of a gram) per liter of watar . The
analysis of the daily data shows large day to day var ia t ions in
the total PCB concentrat ion. in Figure 3 the average total PCB
concentration in Slip 3 is approximately 10 times larger than the
average total PCS concentra t ion at the mouth o£ the Harbor . The
few data in the lake would indica te that the total PCB
concentration there is about 13 times less than the total PCB
concentration at the mouth of the Harbor .
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1.2.1.2 N o r t h D i t c h Soils and Wate r

Tables 1.1 and 1.2 i n d i c a t e tha t at least 50* of all the PCS
in the H a r b o r / D i t c h system are associated wi th tne Nor th D i t c h .
F u r t h e r m o r e , since m o r e t han 95% of a l l the PCB con tamina ted
soils under ' the Nor th D i t c h , e x c l u d i n g the p a r k i n g .lot soils, are
located in the Crescent and Oval Lagoon sections of the Di t ch , it
implies that the- degree of pea contasn ina t ion of these sections is
greater than that of the Slip 3 in the Harbor .

T w o p r i n c i p a l r e f e r e n c e s ( B a t t e l l e , u n d a t e d , M a s o n a n d
Hanger , 1981) p rov ided data on concent ra t ions of PCB in the soils
of the Nor th Di tch .

The o n l y PCB w a t e r c o l u m n d a t a r e s u l t e d f r o m a s t udy
examining sediment transport in the Ditch (Noehre & G r a f , 1933) .
The. survey extended... f rom March . to- November , 1979, and the .
m a j o r i t y of PCB data were collected at the f o o t b r i d g e , a po in t on
the Nor th D i t ch located a p p r o x i m a t e l y 200 f ee t above the m o u t h of
the Di tch . - .F igu re 41 g ives a summary of all the ava i l ab le d a t a .
For that period of record the average total PCS concen t r a t ion is
9.25 pg/1 which is a p p r o x i m a t e l y 100 t imes g r e a t e r than the
average PCB concentration near the mouth of the H a r b o r , Figure 3.

1.2.1.3 Lake Mich igan Water and Sediments Near Waukegan

Some water column samples near the mouth of the Harbor have
been collected in Lake Michigan d u r i n g some of the Harbor
surveys. W i t h i n this near Harbor a r ea , less than 1 m i l e f rom the
harbor mouth , the observed total PCB concentrat ions are in the
range of .01 to .05 ug/1 ( H y d r o Q u a l , 1981), as shown in F igure 3.

The su r face bottom sediments of the near Harbor a rea have
been sampled in grea ter spatial detai l ( A r m s t r o n g , 1930) . The
concent ra t ions decrease with increasing distance f r o m the H a r b o r
m o u t h . At stations near the Harbor mouth the PCB sediment
concentrations varied between about 25-89 ng/g (d ry ) while at the
f u r t h e r away station the concen t ra t ions decreased to the 5 to 22
ng/g range ( F i g u r e 2) . The uni t "ng/g" stands for nanogram ( =
b i l l i o n t h of 1 g ram) of PCB per g ram of dry we igh t sediment . The
"ng/g" un i t is 1000 t imes less than the "ug/g" u n i t .

1 . 2 .2 Movement of PCBs into Lake M i c h i g a n

The present average total PCB mass input f r o m steady state
and storm events from the Harbor/Ditch system to Lake Michigan
has been estimated by HydroQual , Inc. (1981) as 22-44 Ibs/yr .
The app l i ca t ion of the Waukegan Harbor model ind ica tes a s teady
state PCB mass input of 8.8 Ib/yr f rom the Harbor to Lake
M i c h i g a n .
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The Argonne Na t iona l L a b o r a t o r i e s ( 1 9 7 9 ) data suggest that
per iod ica l ly there are occasions dur ing which the p r e v a i l i n g
condi t ions essent ia l ly f l u sh out the H a r b o r . Th is type of mass
i n p u t f r o m the H a r b o r to the Lake i s the a f o r e m e n t i o n e d
•s torm-re la ted i n p u t . On- the basis of the model calcula ted
p r o f i l e in the Harbor , F i g u r e 3, the mass inpu t is est imated as
0.5-1 lb- per event .'• A separate analysis, u t i l i z ing a hydrodynamic
model of the h a r b o r ( P a u l , 1981) es t imates the mass input to the
Lake dur ing the same event as 0 .225 kg or 0 .50 lb. In the same
w o r k , (Pau l , 1981) for ex t r eme- f low events in the channel section

' of the Harbor caused by 57-78 mph winds , mass inputs of 11.5 kg
or 25.4 Ibs, are calculated. There are no est imates of the
f r e q u e n c y of occur rence of e i the r event in the w o r k by Paul
(1981) .

HydroQua-1 (198-1.). a-ssum-ed- that • the flush—out event occurs once
every two weeks and on the basis of that assumption, the
s torm-re la ted input to the lake is es t imated as 13.2 Ibs/yr .
Addi t ional model runs with increased sediment resuspension in the
h a r b o r to s imula te ex t r eme r u n o f f events showed increased PCS
concen t r a t i ons in the inner Harbor which decreased at the Harbor
m o u t h , due to settling, thus contr ibut ing fsw additional pounds
( less than 3) of PCS inpu t to the Lake. The f requency of such
events was not est imated. The total estimate of the PCS mass
input from the harbor to the Lake is estimated as 22 Ibs/yr.

HydroQual (1981) estimated the PCB mass inputs to the Lake
f rom the Nor th D i t c h , using the model i t developed for the N o r t h
Di tch . The steady state s imula t ion estimates a mass input of 4.4
Ibs /y r of PCB f r o m the Di t ch . From an ana lys i s of the
prec ip i t a t i on record d u r i n g the data collection in the Nor th
Ditch, Figure 4, and ra infa l l statistics of the area, HydroQual
(1931) , es t imated that a r u n o f f f l ow of 5 cfs in the Di t cn
represent a m a x i m u m r u n o f f event for an average year and about
30% of the absolute max imum da i ly runof f expected over a long
period of t ime. The PCB mass input f rom the Ditch to Lake
associated with such an event is estimated (HydroQual , 1981) 6.6

^- Ibs/yr. Sensit ivi ty r u n s of the Ditch model indicate that for
the r u n o f f events in the N o r t h Di tch the resul t ing mass inputs
are proportional to the resuspension of the bottom sediment,
assuming h igh but constant sett l ing veloci ty . The total estimate
of the PCB mass input from the Ditch to the Laka is estimated as
11 Ibs /y r . Adding the inputs f r o m the Harbor and the Di t ch as
e s t i m a t e d above and a l l o w i n g fo r the u n c e r t a i n t i e s in the
frequencies of the runof f events the combined PCB mass input from
the Harbor /Di tch system is g iven as a range , i.e. 22-44 Ibs/yr.

The magn i tude of this mass input can be placed into a proper
perspective by compar ing it to PCB faass inputs f rom" other
sources. In forming such a comparison, however , an appropriate
spatial scale of impact must be establ ished. The upper bound of
such a scale is the whole of Lake M i c h i g a n . On such a scale any
single point mass input is d w a r f e d in comparison to the load f rom



precipitation. A inoca important comparison of the PCB mass
inputs is made on a near-snore basis. A near-shore sector is an
area of the lake adjacent to the shore behaving as a water body
somewhat independent of the.main volume of Lake Michigan. Since
stratification starts- at 5 to 13 km o f f s h o r e , the' near-shore
sector was taken as the laka part of the circle of radius 13 km
(6.2 ra-ilesj entered at the. mouth., of the Waukegan Harbor.

Figure 5 shows the comparison of the PCB mass inputs to Lake
Michigan. The relative sizes of the circles and sectors in
Figures 5 and 5 reflect the relative magnitudes of the total mass
inputs. The range in estimated total mass input follows f rom tha
range in PCB concentration in the precipitation.

Various estimates of the present total PCB mass input to the
whole -of Lake Michigan . have , been, . m a d e .(e,-3 • >. Murphy and
Rzeszutko,' 1973) which give a range of 50-10(3 ng/1 in precipita-
tion. The unit "ng/1" stands for nanogram (= billionth of a
gram) per liter of water. - Str.ac.han and Huneault (1979) reported
a mean value of 21 ng/1 f r o m measurement of total PCB
concentration in precipitation in the .Great Lakes area, not
including Lake Michigan. For a range of concentration of 20-100
ng/1, the PCB load from precipitation to Lake Michigan is about
2,000-10,100 Ibs/yr. Additional inputs from dry deposition and
tributaries to the Lake are estimated to account for about
1,100-2,200 Ibs/yr. The total present mass input therefore to
Lake Michigan is about 3,100-12,300 Ibs/yr of total PCB.

It should be noted, however, that the same load becomes a
significant percent of the total load to the near-shore sector of
the lake immediately adjacent to the Harbor/Ditch system.
Assuming that the dry deposition load to the entire Lake is about
550-1,100 Ibs/yr and that rainfall and dry deposition are uniform
over the Lake, then the 44 Ibs/yr PCB load from the Harbor/Ditch
system can be about 49-83% of the load to the near shore sector
as shown in Figure 6. From this Figure it follows that the
Harbor/Ditch system provides the dominant mass input to the 10 km
(6.2 mi) near-shore sector.

It is concluded therefore that on a whole-lake comparison,
the present discharge from the Waukegan Harbor/Ditch system
amounts to, at most, 1% of the total PCB mass input to Laka
Michigan. On a near-shore comparison, however, (where the near
shore region encompasses a 10 km ( 6.2 mi) radius around Waukegan
Harbor) , the present PCB mass input from the Harbor/Ditch system
is quite significant and represents 49-30% of the total PCB mass
input to this area.
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1 .2 .4 .2 Predicted Accumula t ion o£ PCS in Fish in Waukegan H a r b o r
V i c i n i t y

One of the m a j o r concerns of the d i scha rge of PCBs to a
system such as W a u k e g a n Harbor is the potent ia l for a c c u m u l a t i o n
of the chemica l by the aqua t ic- . f ood . , c h a i n .and s u b s e q u e n t
potential t r a n s f e r to man . through i n t a k e - o f contamina ted f i s h . A
considerable , and. g rowing , l i t e r a t u r e • ex ists on the accumulat ion of
PCBs by v a r i o u s aquat ic organises . Thomann (1981) has compiled
much of this l i t e r a t u r e wi th the spec i f ic aim of d e t e r m i n i n g the
re la t ive amount of PCB that would be concentra ted by an aquat ic
organism directly from the water and the amount of PCB that would
be accumulated th rough ingest ion of c o n t a m i n a t e d p rey . The
re la t ive amount of PCB in the o rgan i sm compared to tha t in the
water is called the concentration fac tor . This factor va r i e s
depending on whe the r the o r g a n i s m ob ta ins i ts PCB f r o m e i t h e r
water or., food . or both . ,. ; . : . . . . . . • ^ : . . . . . ; . . , . . . ; . , . . . - . • . - . . . . - . • • . _ . .... ...

Figure 7 (Thomann , 1931) indicates the compar i son of these
concent ra t ion f ac to r s f rom d i f f e r e n t wa te r s th roughou t the wor ld .
The data appear to show a clear d ive rgence between the amounc of
PCB taken up f rom the water only and tha t accumulated f r o m both
the water and the food chain . At o rgan i sm sizes of about 0.1 m
(about 4 inches) , the small f i s h , the b ioaccumula t ion fac to r is
about 10 ug/9 (dry) per ug/g ( w a t e r ) or about 4 t imes h igher
than the factor from water alona. The d i f f e rence is a t t r ibuted
to the predat ion of contaminated prey , the low excre t ion rate of
PCBs and a hypothesized high absorpt ion rate of PCB f rom the
food .

Figure 7 also shows that for the la rger f i sh of about 0.5
meters (about 20 inches long) , the data from the d i f f e r e n t water
bodies indicate a substantial increase in the amount of PCB in
the f i sh relative to wate r . This increase is a t t r i b u t e d to the
consumption of PCB contaminated prey and the longer l i f e spans of
some of the la rger organisms . It was concluded f r o m the da ta
that PCBs may enter impor tan t f i sh species t h r o u g h two routes ;
d i r e c t l y f rom the water and also f r o m the food rou te .

For Waukegan H a r b o r , da ta on the PCB c o n c e n t r a t i o n in f i sh
have been compiled f r o m several sources (U. S. EPA 1979, a, b,
1981; S te ine r , 1979, and V e i t h , 1980) . These sources repor ted
the following species were collected in Waukegan Harbor in
v a r i o u s locat ions:

Largemouth and Smallmouth Bass
Sunf i sh , Crappie
Shiners
Ale wi fe
Yellow Perch
Rainbow Trout
Bullhead
Sucker
C a r p
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Figure 3 is a plot of the whole f i sh PCB concen t r a t i on (in ug
PCB/g( w) ;g( w) = grams wet we igh t ) in the f i s h ve r sus the w e i g h t
of the f i sh for all of the species tha t wera collected. Several
points can be noted . (1) About 83% of the total number (or
group) of f i sh for which PCB were measured ( 2 3 ) had concentra-
t ions above the ' U. S . ' P D A - act ion level of .5 vg/g (w) for . the
edible ' p o r t i o n . The compar i son between whole f i s n and edible
por t ion , i s. not e n t i r e l y - d i r e c t , but one would norma-lly expect the
edible port ion to be at the least about 20% of the whole body
concent ra t ion . (2) Some f ish c a r r y ex t remely h igh concen t ra t ions
of PCB of g rea te r than 100 pg/g (w) . In g e n e r a l , the range of
concentra t ions for all species of f r o m 2 ug/g to 187 ug/g is
a p p r o x i m a t e l y s imi la r to the order of m a g n i t u d e observed for the
Hudson River and es tuary (Hydroscience , 1973) , a water body that
is considered to be a h i g h l y contamina ted PCB problem a rea . (3)
There is a cons ide rab le scatter in the d a t a u n d o u b t e d l y
reflecting,.the. expo-sure of, the fish to varying concentrat ions- in
the Harbor. There is a slight tendency for larger f i sh (e .g .
g r e a t e r than' about .254- 'g (1 lb) ) to have h igh concent ra t ions ' .
T h e - , v a r i a t i o n - , in-' -the concentration of each spec ies i s a l s o
dependent on the l ip id content of the f i s h and its feed ing
behavior. For example, carp are bottom., detr i tus feeders and,
there fore , interact wi th the sediment and its associated PCB
concentrations. Largemouth bass are carnivorous predators and
may b ioaccumula te PCB m o r e m a r k e d l y because of the i r h ighe r
position in the food cha in .

It is important to analyze the re la t ionsh ip between the water
concentra t ion of PCB and the resu l t ing concentra t ion in the f i s h
in order to estimate the response of the f i sh to possible
reduc t ions in the water concentra t ions . Although other impor tan t
f i shes such as the lake trout and coho salmon have been obtained
in the waters o f f - shore of Waukegan Harbor ( V i d a l , 1979; V i d a l ,
1980; Hess, 1980) , there are only l imi ted data to ind ica te any
s ignif icant occurrence of these f ishes in Waukegan Harbor proper .
Vidal (1979) reported that dead ma tu re Chinook salmon were
observed in Waukegan Harbor in October 1975 and September 1975.
in a d d i t i o n , no data in the PCB content of the f i shes , in the
Harbor proper, is available. Therefore , it is not possible to
est imate the re la t ionsh ip between f ishes such as lake trout wh ich
may only transiently inhabit the Harbor and the PCB contaminat ion
in the H a r b o r .

For the near shore env i ronmen t , a lack of detai led PCB data
also prec ludes an in-depth e v a l u a t i o n of the PCB wate r
c o n c e n t r a t i o n and o f f - s h o r e f i s h e s . In g e n e r a l , the PCB
concentrations in the waters immediately outside the Harbor ( i .e .
with in approximate ly a 1 km radius) is about .01-.02 ug/1 and
then drops rapidly to open lake values of .005-.01 ug/1 . One
w o u l d n o r m a l l y e x p e c t , on the bas i s o f these w a t e r
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concen t r a t ions , that f i sh c o n c e n t r a t i o n s would be lower compared
to those w i t h i n the H a r b o r p rope r . This tends to be t rue for the
PCB concent ra t ion of the smal ler f i s h that have been measured
of fshora of Waukegan . For example, Muench (1980) reported a
v a l u e of 0 .49 pg/g (w) of 1254 PCB for chub off of W a u k e g a n .
H o w a v e r , l ake t rout collected off W a u k e g a n H a r b o r in depths of
about . 10—33 . .meters were , .reported., to have. PCB. . concentra t ions
( f i l l e t wi th skin) of 0 .5-5 .4 ug/g (w) d u r i n g 1978-1980 (Hess and
Muench, 1980) . The concentrations in lake trout may reach the
h ighe r levels due to food chain accumula t i on . Because of the
l imi ted occur rence of open lake f i sh such as lake t rou t in
Waukegan Harbor and the lack of de ta i l ed data on the PCB
c o n c e n t r a t i o n s i n f i s h c a u g h t i n t h e n e a r - s h o r e a r e a , t h e
analysis discussed below is l imited only to those fish that have
been caught in the Waukegan Harbor proper and for which PCB data
are available... •. ' .. '..:. : • '.. ; . : ; / ;• , : , .. ' .. ' . • _ ' . . '

The analysis f r a m e w o r k - fo l lows the model g iven in Thomann
(1981) . Four representative f ish are examined:

1. Ale w i f e
2. Yellow Perch
3. Carp at 0.5 kg and 5.0 kg size
4. Largemouth Bass

Based on the data shown in Figure 7, it is assumed that the
bioconcentrat ion factor ( i .e . uptake f rom the water only) across
all levels of the food chain is 100 ug PCB/g(w) in the organism
per ug PCB/1 in the water . The food chain is assumed to have the
fol lowing components:

1. Level 1 - Phytoplankton and de t r i tus which absorb or adsorb
PCB directly f rom the wa te r .

2. Level 2 - This level is represented by the zooplankton which
take up PCB from the water but also can accumulate
PCB f rom consuming phy top lank ton .

3. Level 3 - Fish which consume zooplankton or other o rgan isms
representa t ive of Level 2. The f i sh assumed in
this group are: a l e w i f e , yellow perch , carp.

4. Level 4 - F i s h w h i c h c o n s u m e s m a l l e r f i s h and t h e r e f o r e
represent a c a r n i v o r o u s level in the food c h a i n .
Largemouth bass is considered at this level.

Using r e a s o n a b l e a s s u m p t i o n s on g r o w t h r a t e , s p e c i f i c
consumption of food and excretion rata of PCB, one can de r ive
re la t ionships between tha PCB concentra t ions in the o rgan i sms at
a g'iven food chain level and the PCB concent ra t ion in the wa te r .
For level 2, this leads to the following simple equation:



C2 - 190 Cw (1)

whera C- is the concent ra t ion of PCS in the organism of the
second food chain level ( e . g . z o o p l a n k t o n ) in ug P C B / g ( w ) and Cw
is the dissolved PCS concen t ra t ion in the water in ug PCB/1. For
level 3/ the i n t e r m e d i a t e level of the food c h a i n , a series of
relationships• are -dec iv.ed, ;for each- specri.es-,-i .e..- -• •- • " ; . - : • • - - . •

A l e w i f e : C- - 510 C
Yellow Perch: C^ " 380 C
Carp (0 .5 k g ) : C^ - 460 GW
Carp (5 .0 k g ) : C^ ~ 710 GW

In the relat ionships, no d i rec t r e l a t i onsh ip of the carp w i th the
sediment is included. The unders tand ing of the degree to which
carp would, accumulate . - PCB f rom- the sediments is not s u f f i c i e n t
f o r ' such" an' i n t e rac t ion : to be incorpora ted . For level 4,
represented by the l a rgemou th bass, . t h e fol lowing equa t ion is
es t imated . . •

C4 / 730 Cw

In each of the equat ions , the feeding is assumed to be on the
food chain level below and uptake from water is also included.
I t should be stressed tha t these r e l a t i o n s h i p s are o n l y
approximate and reflect the incorpora t ion of approx imate weight
gains, feeding and excret ion rates.

These relationships are shown in Figure 9. This Figure
presents the results of the food chain model in such a way that
one relates the PCB concentrat ion in f ish species of Waukegan
Harbor to the water PCB concen t ra t ion . This type of a plot
allows for the assessment of the impact on PCB concentrat ion in
f i s h resul t ing from a change in the water PCB concen t ra t ion . It
is seen that for the present range of water concent ra t ion in
Waukagan H a r b o r , that the calculated concen t ra t ion in the f i s h
are genera l ly wi th in the range of reported data w i t h i n F igure 3.
It appears , however , that the a l ewi fe have been exposed to a
lower water concentra t ion since the observed va lues shown in
Figure 3 are below 10 ug/g. Figure 9 shows that for a l e w i f e this
would represent exposure at a level of about 0.31-0.02 ug/1, the
lower end of the reported range. This may represent entrance by
a l e w i f e i n t o W a u k e g a n H a r b o r a f t e r e x p o s u r e a t l o w e r L a k e
M i c n i g a n c o n c e n t r a t i o n s .

^

The p r i n c i p a l c o n c l u s i o n f r o m F i g u r e 9 i s t ha t w a t e r
concentrat ions must reach levels of about .01-.02 ug/1 dissolved
PCB in the water in order to have these representat ive species
reach levels of PCB of about 5-13 ug/g(w) . As shown in other
sections of this r epo r t , the .01-.02 ug/1 dissolved PCB range is
approx ima te ly a t ta inable by dredging of the highly contaminated
sediments of the H a r b o r .
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Overa l l , the f o l l o w i n g conc lus ions a re d r a w n f r o m an ana lys i s
of the f i sh PCB data :

1. About 33% of the reported PCB c o n c e n t r a t i o n s for whole body
Harbor f i s h , exceeded the US F. D. A. Level of 5 • ' ug/g ( w) for
the edible por t ion . The m a x i m u m va lue was 187 . ug/g for a

. ,...largerao-uth,- baas., and: t.h,e rang-.e-.oi da-ta> is . representative-, of
h i g h l y PCB impacted areas such as the Hudson R i v e r .

2. The food cha in model calculat ions indicate that in o rde r to
reduce the present f ish PCB body burden in Waukegan H a r b o r ,
the presently observed water column PCB concen t ra t ions of
about .01-.3 ug/1 must be raduced to the levels of .01-.02
ug/1 w i th in the Harbor .



2.4 The No Act ion A l t e r n a t i v e

Under this plan no e f f o r t or expend i tu res wi l l be made to
e i the r reduce the exis t ing level of the PCS c o n t a m i n a t i o n or
prevent its m i g r a t i o n in the physical' 'and biological components
of the env i ronmen t . I t could inc lude , however , t ak ing measures
to; mitigate-- the- • h-arm-f ul ..^ e f fec ts of" the contaminat ion- s u c h ' a s
banning f i sh ing in the Waukegan Harbor and nearby areas of Lake
Mich igan and also restr ic t ing boat t r a f f i c in the source waters .

2.4.1 Longevity of Problem

Since the no act ion a l t e rna t ive leaves the present condi t ions
of PCB contaminat ion unchanged the quest ion of persistence of the
p r e s e n t c o n d i t i o n s a r i s e s . To addres s t h i s ques t i on a
mathematical water . , quality •. - . model, .of.-, the--.. Waukegan Harbor as
described in Section 4 . 2 . 3 was used to calculate, the f lux of PCB
f r o m the Harbor to Lake Michigan. The analysis showed that there-
was no change in the PCB- f lux to- the lake over a f i v e year
per iod . During the same t ime the calculated bottom su r face
sediment PCB concentra t ions did not change. . As noted in section
1.2.1.1, Figure , sur face sediment concentrat ions collected
during 1976 to 1978 showed no reduct ion in PCB contamina t ion in
comparison to data collected in 1979. It is expected t h e r e f o r e
that the present PCB flux from the Harbor to the Lake will
persist for a very long t ime, that is, longer than 10 years.
Furthermore, no s ignif icant reduction in the PCB Harbor sediment
concentrat ions is expected for 10 years or m o r e .



4.1 The No Action A l t e r n a t i v e

As it was detai led in Sact ion 2 . 4 . 1 , under the no act ion
a l te rna t ive , the present levels of PCB con tamina t ion and PC8
f luxes wi l l persist for . a v e r y Long t ime , longer than 10 years .
The most severely a f f e c t e d a r e a , ou ts ide the Harbor /Di t ch system,
will 'be.' the Waukegaa coastal: zone- 'adjacent, to t h e ' H a r b o r . The-
water c o l u m n , bed ' sediment and the b io ta associated w i t h the
coastal zone will cont inue to be impacted by the calculated 22-44
Ibs/yr PCB f l u x for a v e r y long t ime.

4 . 2 . 2 Divers ion of Water

previous evaluat ions of Waukegan Harbor included a water
withdrawal of 3 MGD from the Harbor by the Outboard Mar ine
Corporation . t .It is propo sed;- (USEP.V1 '). that .dur ing. .the .dredg ing,
operat ions this 'withdrawal wi l l be stopped and that for the
dura t ion of the opera t ions Outboard M a r i n e Corpora t ion wil l be
connected .to the public water supply system of the Ci ty of
Waukegan . T h e r e f o r e , for the purpose of es t imat ing the impact of
the dredging operations to Lake Mich igan , fur ther analyses wil l
not conta in any water wi thdrawal f rom the H a r b o r .

4 .2 .3 Harbor Dredging

Dredging the Harbor bottom sediments has been proposed as a
part of an action plan to conta in and eventually e l imina te the
sources of PCB con tamina t ion . The dredging a l t e rna t i ve s are as
follows:

I Dredge all areas where the bottom sediment PCB c o n c e n t r a t i o n
is in excess of 500 ppm.

II In add i t i on , dredge all areas where the bottom sediment PCB
concent ra t ion is between 50 and 500 ppm.

III Dredge all areas where the bottom sediment PCB concen t ra t ion
is between 10 and 50 ppm.

Figure 10 shows the areas of the Harbor a f fec ted by each
dredging a l ternat ive . Al te rna t ive I involves essent ia l ly the
dredging of Slip 3, A l t e r n a t i v e II in add i t ion to slip 3 inc ludes
the dredging of the upper h a l f of tha N-S section of the H a r b o r ,
whi l e A l t e rna t ive III involves the lower hal f of the N-S section
of the H a r b o r .

In order to evaluate the e f fec t iveness of the foregoing
a l te rna t ives , a water qua l i ty model of Waukegan Harbor developed
by HydroQual (1981) was used. The model of Waukegan Harbor is a
mathemat i ca l representat ion of d i l u t i on , d i spe r s ion , f low and
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other physica l -chemical processes and c o n d i t i o n s g o v e r n i n g the
spatial and temporal d i s t r i b u t i o n s o£ PCB and other selected
water qual i ty cons t i tuen t s . The Waukegan H a r b o r model was
calibrated w i t h a v a i l a b l e d a t a collected in Waukegan i nc lud ing
chlorides, dye , and suspended solids to assess the d ispers ional
and t r a n s p o r t c h a r a c t e r i s t i c s , o f t he H a r b o r a r e a and the
in te rac t ion of the water co lumn w i t h PC3 laden bot tom sediments .
The' raod'el.' -was' .-also c a l i b r a t e d , to r e l a t e w a c e r c o l u m n PCB
concen t ra t ion and t h e r e f o r e f l u x to Lake M i c h i g a n to observed
sediment PCB concen t ra t ions . Thus, a l though an a p p r o x i m a t i o n ,
the model can be used to assess the e f f e c t of changes in bottom
sediment PCB levels as a result of d redg ing on water co lumn PC3
concentra t ions and H a r b o r losses to Lake M i c h i g a n . A s imi la r
model was developed for the Nor th Di tch a r e a .

With the model ing f r a m e w o r k , two types of scenarios were
examined : . . . . . . _ , . • ; . . . , .• .•• . ; . . . : • ..;' • ; ; • . ; • • • • • . .• .• . - . . . - . - . • , • - . . • . . ' . . : • • . - .

i. The long tarm impact 'of dredg ing on. cond i t ions in Waukegan
Harbor and Lake M i c h i g a n .

i i . The impact on Waukegan Harbor , and Lake M i c h i g a n d u r i n g the
dredging opera t ions .

Each type is discussed below.

4.2.3.1 Long Term Impact to Lake Mich igan

Under this scenar io , it is assumed that dredging operat ions
have been completed and tha t any t rans ient e f f ec t s due to
dredging operations have subsided. The purpose of th is analysis
the re fore is to assess the s ign i f icance of removal of PCB laden
sediments on water co lumn and f i sh concent ra t ions in Waukegan
Harbor and the flux of PCB to Lake Mich igan .

Figure 11 shows the segments of the Waukegan Harbor model
w h i c h a r e a f f e c t e d b y each o f t h e f o r e g o i n g d r e d g i n g
al ternat ives . In each case the sediment PCB concent ra t ion of the
shaded segments was set to the f ina l sediment PCB concen t r a t i on
(13, 50, 100 and 500 ug/g) wh ich could resul t f rom d redg ing
operat ions . The unshaded segment" re ta ined the present sediment
PCB concen t ra t ions .

Three m a j o r sets of s imu la t i ons wera run wi th the Waukegan
Harbor mode l ; one for each of the dredging a l t e rna t ives shown in
Figure 12. In tu rn , it was assumed that for each dredging
a l te rna t ive , the f inal sediment PCB concentrat ion a f t e r d redg ing
was ei ther 10, 50, 100, or 500 ug/g. Thus , in a l l , twelve
combina t ions were invest igated; three a l te rna t ives of va r ious
aer ia l extent, and four resul t ing sediment PCB concent ra t ions .
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On the basis of the m o d e l i n g analysis and tne charac te r i s t i c s
o f W a u k e g a n H a r b o r a s d e t e r m i n e d f r o m a v a i l a b l e d a t a , t h e
fo l lowing observa t ions are presented:

1. It- appears that -the- m o s t : e f fec t ive -dredging procedure from
the s tandpoint of reducing water column PCS c o n c e n t r a t i o n and

. .. fLux to^ Lake -Michigan-.- is- Alternat ive I, the • d'redg ing of Slip
3. On the b a s i s of the m o d e l i n g a n a l y s i s , the
characterist ics of Waukegan Harbor are such that due to the
ex t remely h igh sediment PCB contamina t ion and h i g h appa ren t
in te rac t ion with the water co lumn , Slip 3 appears to be the
most responsible area for presently observed condi t ions of
water co lumn con tamina t ion and f lux to Lake M i c h i g a n . As a
resul t , remedial action in this a rea may be more e f f e c t i v e in
reducing .these impacts.

The PCB sediment concentrations remaining af ter dredging
appear to be more s ign i f i can t in terms of reducing the water
co lumn PCB concent ra t ion and PCB f lux to Lake M i c h i g a n than

_the spatial extent of d redging . This is indicated in F igure
12. It shows the calculated Waukegan Harbor water c o l u m n PCS
concentrat ion and resul t ing f lux to Lake Mich igan for v a r i o u s
residual sediment PCB levels in Al te rna t ive I (dredging of
Slip 3) as compared to present condit ions. These results
indicate that if residual sediment PCB levels of 10, 50, or
100 ug/g can be at tained in Slip 3, a substantial reduction
from present condit ions in both water column PCB and f lux to
Lake Michigan will result. Water column PCB will be reduced
by more than an order of magni tude from 0.3 - 1.0 ug/1 to
approximately 0.0J. ug/1. The steady state f lux to Lake
Mich igan f rom the Harbor would be reduced from the present
level of 8.8 Ibs/yr to approximately zero. Other t ransient
events , h o w e v e r , would probably still c o n t r i b u t e some
discharbe of PCB to the Lake but at levels less than 2
Ibs/yr .

If residual sediment PCB concentrations can be reduced to
only 500 ug/g/ water column PCB concentrations are estimated
to be reduced to approx imate ly 0.05 ug/1 for most of the
harbor a rea . There wil l cont inue to be some steady state
f lux to
to less

Lake Michigan of about 0.9 Ibs/yr or so, in addit ion
than 2.2 Ibs/yr f r o m storm induced f l u sh ing .

The most e f f ec t i ve a l t e rna t ives from the standpoint of the
Waukegan Harbor f i she ry as analyzed in Section 1.2.4.2 are
those which reduce water column PCB levels to the 3.01 to
0.02 ug/1 range, u l t imate ly reducing f i sh burdens to near US
F. D. A. action levels. This would require that residual
sediment PCB levels of 10 to 100 ug/1 be attained at least in



Slip 3. If residual sediment levels of 530 ug/g r e m a i n ,
water co lumn concen t ra t ions in Waukegan Harbor are es t imated
t o be a p p r o x i m a t e l y 0 . 0 5 ug/1 w i t h f i s h body b u r d e n s
remain ing in the 20 to 40 ug/g (w) range .

5." Al though most of the pos i t ive impacts described above are
associated wi.t-b. .dredging, activity- in: Slip- 3-. CAlte.rnative I) ,.
i c should be r e c o g n i z e d t ha t t h e r e a re o t h e r f a c t o r s
o p e r a t i v e i n t h e H a r b o r , such a s l o c a l i z e d t r a n s i e n t
tu rbu len t a f f e c t s and sediment mot ions that are not included
in the analysis f r a m e w o r k . As discussed above, d redging Slip
3 to residual sediment PC3 levels of 10 to 100 ug/g will
result u l t ima te ly in substant ia l improvements in wa te r co lumn
c o n c e n t r a t i o n and f i s h body b u r d e n s , and f l u x to L a k e
Mich igan . It is possible, however, tha t downstream harbor

; sediments outside. Si ip. 3 . could re-contaminata trie Slip 3 area
' " ' " • ' a s ' a 'result of periodic natural ' tu rbulence and thus reduce

. the initial effect iveness of dredging. The extent of th is
possibility, however , . cannot be quan t i f i ed at- this t ime.

4 . 2 . 3 . 2 Impact to Lake Mich igan Dur ing Dredging Opera t ions

According to the dredging plan (Mason & Hanger, 1981) , the
bottom sediments of Slip 3 wi l l be dredged f i r s t by means of
either a hydraul ic or pneumatic dredge. Before dredging begins ,
all water withdrawals from the Harbor will stop, and a double
silt curtain will be placed between Slip 3 and the rest of the
Harbor in order to m i n i m i z e the spreading of the roiled sediments
resulting from the dredging. The bottom of the double silt
curtain will be sunk into the muck layers and there will be a 2
ft-wide gap between the end of the cur ta in and the bank.

It is estimated (USEPA) that dur ing the dredging of Slip 3
the total PCB concentrat ion in the water column wi th in slip 3 may
v a r y , depending on the distance from the dredge, between 500 and
5 ,000 ppb, the latter being the worst case s i tuat ion. In the
model simulation of the dredging operations it was estimated
(USEPA) that the worst case total PCB concentrat ion most l i ke ly
to occur at the location of the silt cur ta in is about 500 ppb.
It appeared reasonable to assume that when the dredge was
operating on the highly contaminated sediments of the inner part
of Slip 3 the high total PCB concent ra t ion ( 5 , 0 0 0 ppb) m i g h t
occur in that area of the slip and the ro i lad sed iments would
settle quickly so that the concent ra t ion at the silt c u r t a i n
would be attenuated to about 500 ppb. Also, when the dredge was
opera t ing at the closest-but-yst-safe distance f r o m the silt
cur t a in in the outer part of Slip 3 where the sediments ara not
as heavily contaminated, the total concentration at the silt
cu r t a in may be taken as 500 ppb. The re fo re , Slip 3, for purposes
of a model s imula t ion , was considered to have a total PCB
concentra t ion of 500 ug/1.



The cross-sectional area at a locat ion between Slip 3 and the
rest of the Harbor was reduced to r ep resen t only the 2 f t -wide
gaps on the side of the silt c u r t a i n . The water wi thdrawal of
about 3 MGD was stopped and the d ischarge f r o m the dewater ing
lagoon : (1; 500 -g-pnr. or 3.3 cfs) was included with . 1 vg/1 total PCB
c o n c e n t r a t i o n , as described below. The ca lcula ted resul t ing f l ux
o-f PCB- from, .the- Harbor- to•• Lake- Michigan remained: constant, at
about .13 Ib/d or or 4 7 . 5 Ibs/yr. This t e m p o r a r y f lux is about
the same as the es t imated f l ux f rom the H a r b o r / D i t c h under the no
act ion a l t e rna t ive . It should also be noted that this es t imate
should be viewed as a worst-case est imate insofa r as the dredging
and t rea tment o p e r a t i o n s occur s i m u l t a n e o u s l y .



4 . 2 . 4 Opera t ion of the Dewate r ing Lagoon

The construction and ope ra t i on of a dewater ing lagoon is an
integral part of the dredging plan of ac t ion . The purpose of the
lag.oon. is ..to- ..hold- the. dr.edg.ed, sediments.. ...The- lagoon will be
constructed near the ha rbo r and p r o b a b l y -on OMC p r o p e r t y .
Depending, .on the .final., ve r s ion of... the. dcedg-ing- plan- one- or more
lagoons may be needed to hold the sediments. The design capacity
of lagoons will also accommodate any addi t ional volume of water
due to ra infal l .

Following the construct ion of the lagoon and before dredging
commences, the lagoon will be f i l led wi th water to -test its
structural integrity. Following the test, the water from the
lagoon will be wi thdrawn and the lagoon wi l l be empty at the t ime
the. ..dredg ing operations begin.. .The . s lur r ied . sediment .resulting
f r o m the f i rs t phase of the opera t ions wi l l be conducted to the
empty lagoon and will, be allowed to settle. The supernatant from
the lagoon will be treated for PCB removal by polymer add i t ion ,
s e d i m e n t a t i o n , and c a r b o n f i l t r a t i o n . The d e t a i l s o f t he
t reatment process are described in the action plan (Mason &
Hanger , 1981). The e f f luen t water of the treatment process will
be returned to the Harbor at total PCB concentra t ion of 1 ug/1 .
It is presently estimated ( U S E P A ) that the m a j o r i t y of the
ef f luen t water wil l be discharged at steady f low rate of 1,500
gpm, which will decline at the latter stages of the operations.
The dura t ion and t iming of the dredging and treatment opera t ions
are estimated, to have an overlap period with the dredging
occurring f i r s t , the treatment process most l ikely will cont inue
af ter all dredging has finished.

Assuming (i) that about 95% of the sediments in the areas
affected by Alternatives I and II are dredged in order to achieve
a f inal sediment concentrat ion of 50 ug/1 and ( i i ) that these
sediments are slurried to 15% by volume, then the volume of the
water to be treated is 320 ,000 cu. yds. Assuming that 90% of
this volume will be discharged @ 1,500 gpm, the d u r a t i o n of the
1,500 gpm e f f luen t discharge is estimated at about 1 month. The
load to the Harbor dur ing this month is about .02 Ib/d. And the
total mass of PCB discharged to the Harbor is estimated as about
.5 lb or, say £ l Ib.
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